. Above the concentration of 0.5 g/mL, the Gaz-angubin solutions showed a non-Newtonian shear thinning flow behavior.
INTRODUCTION
Gaz-angubin is a sweet exudate naturally produced by an insect classified in the family Psyllidae, subfamily Arytaininae, and genus Cyamophila from a plant called Gavan-e-Gaz-angubini, Astragalus adscendens. Gavan-e-Gaz-angubini is a perennial shrub, indigenous to central Iran, which belongs to the section Tragacantha of the Leguminosae family. Although other similar areas have the potential of hosting this plant, there is no available report on it. For centuries in Iran, a popular sweet meal has been made with Gaz-angubin. To a large extent the Gaz-angubin is produced in a similar way as 'honey', because of the involvement of an insect in producing a sweet product from plant materials. [1] Astragalus adscendence, growing wild in the Zagros region, is host to insect attack and produces manna. The Gaz Angubin particles, when coming out of the body of the insect are in a thick liquid sticky form, though gradually drying when are exposed to the air and transforming into small, solid sticky particles, remaining on top of the tree branches.
Gaz-angubin is free of nitrogen, sulfur, tannin, alkaloids, and halogens (Br, Cl, I). Its 1% water solution has a pH of 5.5 and rotates polarized light to the right. Gaz-angubin is greenish or brownish-yellow in bulk but when the foreign particles are removed, a white or cream-colored powder will be obtained depending on other minor impurities. Gaz-angubin is a hydrophilic and very sticky matter under normal conditions (with moisture of about 10-15%), breakable when dry, and readily soluble in water and alcohol. Gaz-angubin is very sweet due to its high fructose content, comparable to honey, [2] with a 40% fructose and other polysaccharides sucrose, glucose, xylose, and mannose. [2, 3] To some extent, the importance of Gaz-angubin could be because of its possible performance as a natural drug.
Despite the wide use of Gaz-angubin in different sweet products (specially in production of a sweet called "Gaz" made from Gaz-angubin, glucose syrup, sucrose, pistachio and flavorings) and the similarity of its components to honey, the literature is lacking a research report on its physicochemical properties and rheological behavior. The novelty of the subject requires enough attention to investigate different properties from different aspects. In this study, the physicochemical properties and rheology of three Gaz-angubin samples will be compared against fructose solutions.
MATERIALS AND METHODS
Three Gaz-angubins were bought from local collectors of different areas in central Iran (Gaz A from Rahim Abad(Khunsar), Gaz B from Ghalaa Sorkh(Khunsar) and Gaz C from Isfahan with known geographical latitudes. The samples were packed and sealed in polyethylene bags and kept in a freezer set at -20 C. The moisture content of the samples as received were determined by vacuum drying at 70 C. [3] The moisture content of the samples was about 7-11% (w.b.). All other chemicals used were of analytical grade, unless otherwise mentioned.
GLASS TRANSITION AND CRYSTALIZED SUGAR USING DSC
A DSC-7 (Perkin-Elmer, Beaconsfield, UK), calibrated with indium and cyclohexane (purity, 99%), was used to analyze Gaz samples (30-45 mg) of known water contents, as received. High-pressure stainless steel pans containing Gaz samples were scanned at a heating rate of 10 K.min −1 , from −40-100. After cooling (50°C/min) the samples were heated once again using the same conditions to measure their glass transition temperatures. An empty stainless steel pan was used as reference. Pyris software version 3.5 (Perkin-Elmer Corporation) was used to analyze the DSC traces. For glass transition values points were chosen on the DSC curves before and after the transition. The software then extrapolates tangents from these points and the inflection point of the curve. The onset and endset temperatures are the intersection of these tangents.
X-RAY DIFFRACTION
X-ray diffraction measurements of the Gaz samples and pure fructose, as received, have been performed in duplicate on a Sidemen's D5005 X-ray diffractometer. The X-ray generator was equipped with a copper tube operating at 40 kV and 30 mA and produced Cu K alpha radiations of approximately 1.54 Å wavelength. Data were recorded from 2θ = 4 to 38° using a step size of 0.02° and a residence time of 1s. [4] 
FREEZE DRYING OF GAZ SAMPLES
As the Gaz-angubin is a sticky mass in its nature, over the course of coming out of the shrub, normally foreign particles from its surrounding environment stick to the mass. To remove the visible foreign materials each Gaz-angubin sample was dissolved in distilled water (0.2g/mL) by mixing and shaking for about 2 h to get a homogenous suspension. The mixture was then filtered (using a cotton cloth to remove the big foreign particles), the filtrate was quickly frozen using liquid nitrogen and freeze dried for 7 days. After drying white or creamy solid blocks of materials with moisture content of about 2% were obtained. These blocks were crushed using a pestle and mortar and the powders were stored at room temperature in closed plastic cups to prevent any moisture gain or loss prior to further experiments.
NMR AND FTIR ANALYSIS
NMR spectra were recorded on a Bruker AV 500 ( 1 H at 500, 13 C at 125 MHz) instrument. Chemical shifts (d in ppm) are given relative to external standard (Me of acetone at 30.63 ppm in D 2 O) or residual solvent peak (water at 4.70 ppm in D 2 O). J values are in Hz and the abbreviation "app." (apparent) in 1 H NMR assignments refers to the appearance of the multiplet observed. Carbon spectra were recorded with proton broadband decoupling. 31 P-NMR spectrum was recorded with proton decoupling and externally referenced with 85% phosphoric acid, 0.00 ppm. Mass spectra were determined using Electrospray ionization (ESI Micromass, LCT) and infrared (IR) spectra were recorded in the range of 4000-4500 cm −1 using a Nicolet 380 FT-IR spectrometer. Optical rotation was measured with a digital Jasco polarimeter DIP-370 in a 0.5 dm cell at ambient temperature (22 ± 1°C).
SORPTION ISOTHERM OF GAZ SAMPLES

DVS (dynamic vapor sorption) is a relatively novel technique to the food industry.
The technique enables the study of hydration and dehydration of a material by monitoring changes in mass when the sample is subjected to different relative humidities. It is a 'dynamic equilibration method,' i.e., relies on the continuous circulation of RH controlled gas over the sample, and hence is relatively rapid as compared to static equilibration methods. [5] The required humidity is achieved by mixing dry and water-vapour-saturated nitrogen gas flows, with the help of flow controllers, before they enter the chambers. Using this method relative humidity values ranging from 0-95% RH can be achieved. This gas then exits the chambers above the pans. Two glass cups one as a reference (empty) and the other containing sample (about 10 mg) were used. The DVS experiment was performed on the dried Gaz sample (purged with nitrogen gas to reach a constant weight) in half-cycle mode (sorption) with 15% RH steps from 0 to 90% RH. The sorption isotherm was then fitted to the GAB equation (Equation 1) to find the monolayer water level of the system. [5] where, M is moisture content; M 0 is monolayer water level; a w is water activity; and C and K are constants.
RHEOLOGY OF GAZ SOLUTIONS
The freeze-dried powders were used to prepare a range of concentrations of Gazangubin solutions in distilled water [0.05-0.8 g (Gaz)/mL water] by shaking at room temperature. A controlled shear stress rheometer (Bohlin COV) was used to study the rheological behavior of dilute and concentrate solutions at a wide range of shear rates (up to 200 1/s) and temperatures (10-70°C). For dilute solutions (0.05-0.5 g/mL), a Cup & Bob geometry was used while for viscous solutions (0.6-0.8 g/mL) a Cone & Plate (4°/40) geometry for the ease of sample loading was employed. The data obtained were analysed using the software provided by the manufacture of the Bohlin rheometer and the rheological parameters were extracted as appropriate. [6] RESULTS Figure 1 shows the DSC traces of the Gaz samples as received, on each DSC trace two events is seen, a glass transition at the temperature range of -20-20 Cand an endothermic melting event at the temperature range of 70° to 90°C (Table 1) . Knowing the glass transition of the samples can help storing them under the suitable conditions to keep the changes to a minimum. It could also be a good indication of the transition of texture from the hard glass to the soft rubber.
Due to the presence of high level of sugars, e.g., fructose in Gaz samples, X-ray diffraction experiment was carried out to monitor and measure the sugars in their crystalline form against fructose ( Figure 2 ). Comparison of fructose and the Gaz samples reveals that despite fructose and its high level of crystallinity, only a small fraction of sugars of Gaz samples was in crystalline form. The low level of crystallinity in Gaz angubin samples could be due to the presence of other sugars (e.g., sucrose and glucose) and higher molecular weight fractions (short oligosaccharides) as confirmed by NMR analysis. The level of crystallinity of the Gaz angubin samples can affect their physical properties and consumer acceptance.
The preliminary tests on Gaz-angubin samples showed that it was a hydrophilic sticky cream-colored substance, readily soluble in water. Its 1% water solution has a pH of 6.8 and rotates polarized light to the right, [a] D 23 +2 (c 1 in water). TLC analysis of Gaz-angubin in comparison with standard sugars showed a spot correspond to fructose (R f 0.3), a smear correspond to sucrose or maltose (R f 0.2) and a baseline spot indicating high molecular weight fractions. ESI-Mass analysis in positive and negative modes indicated the presence of di-to nano-hexosaccharides with decreasing abundance from short to long oligosaccharides. Near IR analysis of Gaz-angubin (u max cm −1 3327 br, 2917 br,w, 1618 br,w, 1411 br,w, 1148 m, 1027 s) did not show any carbonyl signal implying that carbohydrates were not branched with carbonyl derivatives functional groups. UV-VIS spectroscopy supported the absence of conjugated chemical species in colorless aqueous solution of Gaz-angubin. Phosphorus signal was not detected by 31 P-NMR spectroscopy and 1 H-NMR signals were fairly sharp indicating that Gaz-angubin was not a highly polymerized compound; d J 3) . Finally, the most informative data were obtained by 13 C-NMR spectroscopy. Analytical studies using NMR showed that Gaz-angubin was mainly consist of fructose and sucrose, approximately in 4 to 1 ratio ( Fig. 3 a,b ). Based on spectral similarities between Gaz-angubin and oligomaltoses, particularly maltohexaose, the remaining carbohydrates of Gaz were predicted as short oligosaccharides (Fig. 3b ). Although aldohexoses (e.g., glucose) did not exist in detectable amount in Gaz-angubin, incubation of its aqueous samples at room temperature after two weeks produced glucose (ca. 3%) and other reducing sugars (e.g., oligomaltoses). Also, after incubation, fructose and sucrose NMR-signals were increased and decreased, respectively.
Sorption isotherm of Gaz A is similar to small sugars e.g. fructose and glucose (Figure 4) , with low ability to gain water at low water activity and a sharp increase at high water activities. No considerable difference was observed between the sorption isotherms of Gaz A, B, and C. The sorption isotherm data were fitted to the GAB equation and the monolayer water level of 21.3% was determined. Figure 5 compares the viscosity of solutions of Gaz-angubin A, B, and C with fructose at a range of concentrations. As seen at concentrations of up to 0.4 g/mL, the viscosity level of Gaz-angubin solutions and fructose solutions were similar, however above 0.4 g/mL, Gaz-angubin solutions showed greater viscosities than their corresponding fructose solutions. The three Gaz samples were different in particular at concentrations above 0.6 g/mL, as they had different sources and compositions. Figure 6 shows viscosity against shear rate for Gaz A at different concentrations at 20 C. It reveals that at concentrations of up to 0.5 g/mL of Gaz A in water, viscosity was independent of shear rate, however at concentrations of 0.7 and 0.8 g/mL the solutions showed a shear thinning behavior (Equation 3 ). Figure 7 also presents the viscosity-shear rate curves for fructose solutions of up to the concentration of 0.5 g/mL at 20 C. As for Gaz-angubin solutions up to 0.5 g/mL a Newtonian flow behavior (Equation 2) was seen for the fructose solutions. However, a non-Newtonian flow behavior at 0.7 g/mL and above was seen for fructose solution (graphs not presented but viscosity data presented in Table 3 ). Above 0.5 g/mL it was impossible to dissolve all the fructose and some precipitation was seen especially for higher concentrations. 
in which, t is shear stress (Pa); m is viscosity (Pa.s); g is shear rate (1/s); n is flow behavior index; and C is yield stress. In Tables 2 and 3 A: viscosity at 10 C = 26.7, while viscosity at 60 C = 5.8 mPa.s). The Gaz solutions with concentrations of 0.6 g/mL and above (Table 3) had non-Newtonian flow behavior and hence the viscosity data were fitted using a Power-law equation to extract viscosity and Power-Law indices (n). As expected, there was a viscosity drop of these samples with temperature increase (Figure 8 , e.g. 0.8 g/mL of Gaz A (η 10 C = 136.8 and (η 30 C = 43.9 Pa.s). This could be due to the thinning effect of temperature on solvent as well as the weakening of weak interactions between the solute and solvent molecules. Comparison of fructose and Gaz solutions shows that at concentrations of 0.5g/mL and above, viscosity of Gaz solutions was much higher than that of fructose solutions (Tables 2 and 3) . This difference was more obvious at higher concentrations (0.6-0.8 g/mL). At these concentrations, the presence of enough high molecular weight fractions in Gaz angubin samples have had profound effects on the viscosity increase and caused such a considerable difference in its rheology compared to the fructose solutions.
CONCLUSIONS
Up to the concentration of 0.4 g/mL, all 3 Gaz-angubin solutions showed a similar Newtonian behavior and their viscosity was independent of shear rate. The viscosity level of Gaz solutions at a given shear rate was almost the same as the fructose solutions of the same concentration. At concentrations below 0.5 g/mL, the rheological behavior of Gaz solutions were similar to honey (Newtonian). [7, 8] This could be due to similarity between honey and Gaz in terms of chemical composition as the majority of both are small sugars. For 0.5 g/mL and above a non-Newtonian behavior was seen, at low shear rate region Gaz-angubin solutions showed a shear thinning behavior and shear rate increase caused a big change in viscosity, then at high shear rates, the viscosity became almost independent of shear rate. Above the concentration of 0.5 g/mL the Gaz-angubin solutions had a dramatic increase in viscosity compared to the fructose solutions and this could be due to the high molecular weight fractions present in the Gaz-angubin (short oligosaacharides were confirmed by the NMR spectroscopy). In terms of DSC studies, Gaz samples with Tg of about -7 C were in the rubbery ate at room temperature and this could have practical implications in terms of choosing suitable storage conditions for this expensive commodity. DSC and X-ray diffraction both reveled that there was only a small fraction of crystallized sugar in the samples as received with the moisture level of about 10%. 
